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1
METHOD AND APPARATUS FOR DEVICE
DISCOVERY THROUGH BEACONING

RELATED APPLICATION

This application was originally filed as PCT Application
No. PCT/IB2010/000717 filed Mar. 30, 2010.

TECHNICAL FIELD

The present application relates generally to a method and
apparatus for device discovery through beaconing.

BACKGROUND

An optimized local access (OLA) network is a wireless
local area network that supports different connection modes
to maximize the connectivity between network devices in a
local area. The connection modes may include access point
(AP)-facilitated connection mode and ad-hoc, or device-to-
device (D2D) connection mode. The devices within an OLA
network may be locally synchronized. The local synchroni-
zation enables a D2D beaconing and handshake among the
devices as well as the D2D beaconing and handshake with
surrounding OLA networks. The OLA network may utilize
the license-exempt spectrum or white spaces in addition to
licensed spectrum to take advantage of the available band-
width.

In a D2D or an ad-hoc connection mode, one of first steps
for establishing a D2D connection is to discover the presences
of neighbor devices. Given the highly dynamic and mobile
nature of the devices in such a network, discovery of the
neighbor devices and subsequent hand-shake to establish
connections need to be efficient and fast.

The OLA network may use Orthogonal Frequency Divi-
sion Multiplexing (OFDM) transmission scheme that uses a
large number of carriers spaced apart at slightly different
frequencies. The OFDM transmission scheme breaks up one
data stream into multiple signals. Many carriers, also known
as “subcarriers,” are used for a single data channel.

SUMMARY

Various aspects of examples of the invention are set out in
the claims.

According to a first aspect of the present invention, a
method comprises identifying at least one beacon opportunity
at a wireless network device; selecting a beacon channel from
a beacon slot that is a flexibly allocated frequency resource;
and transmitting at least one beacon signal in the selected
beacon channel multiplexed in a beacon frame during the
identified beacon opportunity.

According to a second aspect of the present invention, a
method comprises identifying a beacon opportunity at a net-
work device; selecting a beacon slot that is a flexibly allocated
frequency resource; receiving at least one beacon frame from
at least one neighbor wireless device during the identified
beacon opportunity; and determining a presence of at least
one neighbor D2D device from the at least one received
OFDM beacon frame.

According to a third aspect of the present invention, an
apparatus comprises a beacon module configured to identify
at least one beacon opportunity at a wireless network device;
and select a beacon channel from a beacon slot that is flexibly
allocated in a frequency resource; and an interface module
configured to transmit at least one beacon signal in the
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selected beacon channel multiplexed in a beacon frame dur-
ing the identified beacon opportunity.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of example embodi-
ments of the present invention, reference is now made to the
following descriptions taken in connection with the accom-
panying drawings in which:

FIG. 1a illustrates an example optimized local access
(OLA) network in accordance with an example embodiment
of the invention;

FIG. 156 illustrates an example beacon opportunity and
beacon slot in accordance with an example embodiment of
the invention;

FIG. 2 illustrates an example D2D communication session
in accordance with an example embodiment of the invention;

FIG. 3 illustrates an example beacon opportunities in
accordance with an example embodiment of the invention;

FIG. 4 illustrates an example beacon channels in accor-
dance with an example embodiment of the invention;

FIG. 5 illustrates an example beaconing resource for OLA
communication in accordance with an example embodiment
of the invention;

FIG. 6 illustrates an example apparatus for implementing
OFDM beaconing in accordance with an example embodi-
ment of the invention;

FIG. 7a illustrates an example method for transmitting
beacons in accordance with an example embodiment of the
invention;

FIG. 75 illustrates an example method for receiving bea-
cons in accordance with an example embodiment of the
invention; and

FIG. 8 illustrates an example apparatus for implementing
the D2D beaconing in accordance with an example embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

An example embodiment of the present invention and its
potential advantages are understood by referring to FIGS. 1
through 8 of the drawings.

FIG. 1a illustrates an example wireless local area network
100. The example wireless local area network 100 may
include an access point 110, and a set of user equipments
(UEs) 1024, 1025 and 102¢. UE 102¢ may communicate with
UE 1025 via a D2D communication link. Similarly, the UEs
1024 and 102¢ may communicate with each other either viaa
direct D2D communication link or via the access point 110.

In one example embodiment of the OLA network 100, the
UEs 1024, 1025 and 102¢ roams into a conference room for a
meeting at approximately same time where the local area
network 100 is available. Each UE may listen first to beacons
from neighbor devices such as other LTEs and the access
point 110. In an example embodiment, each of the UEs is
configured to transmit short beacon multiplexed into an
orthogonal frequency-division multiplexing (OFDM) frame.
All the UEs may transmit the OFDM beacon frames in an
orthogonal frequency-division multiple access (OFDMA)
scheme at approximately same time within the cyclic prefix of
the OFDM symbol. In the OFDMA scheme, transmission of
multiple beacon signals by multiple devices is achieved by
each transmitting UE device modulating different subsets of
subcarriers. Each UE may receive multiple beacon frames
from all neighbor devices at approximately same time during
beacon opportunities, and soon learn the presence of other
UEs without waiting for other UEs to transmit beacons in a
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sequential manner at arbitrary times. For example, once UE
102a learns of the presences of other UEs 1025 and 102¢ and
the AP 110, it may decide to establish a D2D communication
with another UE such as 1025 via a handshake procedure and
initiate a D2D communication session.

In one example embodiment, local synchronization may be
acquired between the UEs 1024, 1025 and 102¢ themselves,
or between the UEs and the access point 110 in order for the
UEs and the access point to have a common understanding of
the beacon opportunity. If the UEs and the access point 110
are not synchronized on the beacon opportunity initially, the
UEs may at least detect timing of its neighboring UEs or the
access point 110 via physical layer signals each transmits. A
lack of or a poor local synchronization on beacon opportunity
may result in a reduced beaconing efficiency.

FIG. 15 illustrate example beacon structure 1005 in accor-
dance with an example embodiment of the invention. The
beacon structure 1005 includes a beacon opportunity 122 and
a beacon slot 124. The beacon opportunity 122 is a time
instant when beacons may be transmitted or received. The
beacon slot 124 is a flexibly allocated frequency resource that
may be used for transmitting or receiving beacons or beacon
signals in beacon channels during the beacon opportunity.
Multiple beacon channels 128 may be multiplexed into an
OFDM beacon frame 126. The OFDM beacon frame 126 is an
information composition of all beacon signals present in a
beacon slot at one beacon opportunity. A beacon signal is a
decodable beacon message that includes a number of infor-
mation elements transmitted by a wireless device. The terms
beacon and beacon signal are used interchangeably hereinaf-
ter.

FIG. 2 illustrates an example D2D session 200 in accor-
dance with an example embodiment of the invention. The
D2D communication session 200 includes a beacon period
202, a D2D handshake period 204, and a data transmission
period 206. There may be one or more beacon opportunities in
the beacon period 202. During a beacon opportunity of the
beacon period 202, each of the D2D devices may transmit one
beacon contained in an OFDMA beacon frame. During the
D2D handshake period 204, a beacon receiver may transmit
random access request to the beacon transmitters, and the
D2D devices may exchange information about available
resources and go through a resource request, service discov-
ery and authorization process to establish a D2D connection.
The subsequent D2D communication during the data trans-
mission period 206 may not follow a fixed channel structure
and may use a flexible spectrum usage (FSU) scheme for the
data transmission. Then the communication period 206 may
begin on a reserved resource.

FIG. 3 illustrates an example radio frame set 300 in accor-
dance with an example embodiment of the invention. In the
radio frame set 300, a beacon opportunity is repeated every
100 ms, and when it is reserved especially for D2D beacon-
ing, it is denoted as D2D beacon opportunity (D2D BO). The
radio frame set 300 includes a number of D2D beacon oppor-
tunities 302a,3025, . . . 302, that are intertwined with the AP
beacon transmissions 304q . . . 304%. The D2D beaconing
may be coordinated with the AP beacons of an OLA network
operating on the same radio frames. In this example embodi-
ment, an access point may transmit a beacon every 10 ms, and
a D2D beacon opportunity may occur in radio frames which
are not used for the AP transmissions. Thus, the access point
may participate in the D2D beaconing and/or monitor D2D
beacons. In one embodiment, the access point may be aware
of D2D resourcing and activities rather than the actual D2D
transmissions.
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FIG. 4 illustrates an example frame structure 400 within a
beacon slot during a beacon opportunity allocated for D2D
beaconing in accordance with an example embodiment of the
invention. The frame structure 400 includes downlink sub-
frame resources 402 and uplink subframe resources 404. The
beacon slot is a flexibly allocated frequency resource for the
beacon related communications. The frame structure 400
shows that the downlink subframe resources 402 may be used
for D2D beacons which are further divided into beacon chan-
nels, e.g. 25 channels of 2 MHz each in this example. The
channel pos 1 is reserved for the AP beacon D1 and channel
pos 22 for the D2D beacon D2, inside the allocated beacon
slot. In this example embodiment, the D2D beacon opportu-
nities are coordinated with the AP beacons, and the beacons
are concentrated in a single radio frame and in a single fre-
quency band. Thus, a neighbor AP becomes aware of the D2D
transmissions while scanning the beacon frame. This arrange-
ment of beacon channel may have a number of advantages.
First, the access points of a neighboring OLA network may
protect D2D beacons by not transmitting on the resources
reserved for D2D beacons. Also the D2D devices that form an
ad-hoc network may only need to wake up once to hear the
beacons of all D2D devices in the neighborhood and this may
result in energy saving. Additionally, a D2D device may
quickly and efficiently scan for other D2D devices in their
D2D range and establish a D2D connection with a neighbor
D2D device if it so desires.

FIG. 4 illustrates that the D2D beacons may be concen-
trated into a beacon slot in the frequency domain. A band-
width of 50 MHz is used for the D2D beacon slot during the
beacon opportunities. The beacon slot may be defined in one
of the number of ways. It may be defined by a standard, or
assigned or configured by an access point. The assignment or
configuration by the access point may be done in cooperation
with other access points in the local area. Similarly, a specific
beacon channel in the beacon slot that is reserved for a D2D
beacon may be defined in one of a number of ways. It may be
defined by a standard or assigned by an access point on
demand. Alternatively the D2D device may reserve the D2D
beacon as part of the self organization function of the OLA
network.

In one example embodiment, the downlink subframe
resources 402 for beacons may be followed by uplink random
access channel (RACH) resources 404 in which the random
access request from devices may be transmitted. The down-
link subframe resources may be the resources used by beacon
transmitters and uplink subframe resources may be the
resources used by other devices. The beacon transmitter may
need to monitor the random access channel resources to
detect random access requests directed to the beacon trans-
mitter. The random access channel resources 404 allocated to
a device may use the same beacon channel as the beacon
transmissions of the device or they may follow a different
logic. The beacon subframe may be followed by a random
access subframe or allocated in parallel to the random access
subframe. In either case, random access requests to multiple
devices may be sent in parallel and one device may be con-
figured to initiate a random access to multiple devices. In
another embodiment, the beacon transmitter may indicate in
a transmitted beacon the resources to be used for random
access. In another embodiment, the beacon channel of the
beacon transmitter defines the resources to be used for ran-
dom access. The resource for random access may be a
resource in the domain of time, frequency or code resources
for signal transmission.

FIG. 5 illustrates an example D2D beaconing and hand-
shake resources 500 for OLA communication in accordance
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with an example embodiment of the invention. In this
example embodiment, a total of 50 MHz frequency resources
504 are reserved for every 100 milliseconds (ms) for OLA
communications including D2D beaconing and the subse-
quent handshake procedure. Out of the reserved OLA com-
munication resource 504, the parts 506a and 5065 are
reserved for D2D beaconing and handshaking procedure. The
reserved resource 506a and 5065 contains a D2D beacon slot
508a and 5085 and a respective handshake resource 510a and
5105. The beacon slots 508a and 5085 take up only a small
fraction of the frequency resource 506a and 5065 and is then
followed by the resource 510a and 5105 that are available for
the handshake procedure.

FIG. 6 illustrates an example apparatus 600 for implement-
ing D2D beaconing in accordance with an example embodi-
ment of the invention. The apparatus 600 includes at least an
interface module 602, a beaconing module 604 and a resource
allocation module 606.

In one example embodiment, the beacon module 604 is
configured to identify at least one beacon opportunity at a
wireless network device and select a beacon channel from a
beacon slot that is a flexibly allocated frequency resource for
beaconing. The interface module 602 is configured to trans-
mit at least one beacon signal in the selected beacon channel
multiplexed in an OFDM beacon frame during the identified
beacon opportunity. The interface module 602 may be con-
figured to transmit the OFDM beacon frame with a maximum
transmission power allowed by the regulation, the access
point or the flexible spectrum usage (FSU) algorithm, or with
a fractional beacon power decided by the device.

In one example embodiment, the beacon module 604 is
configured to wake up from a sleep mode, listen to the beacon
signals from the multiple neighbor wireless devices during a
beacon opportunity and receive multiple beacons from mul-
tiple wireless devices multiplexed in an OFDM beacon frame.
The beacon module 604 is also configured to skip one or more
beacon opportunities or to select a new beacon channel when
it detects a collision of transmission with a neighbor device.
In one example embodiment, the resource allocation module
606 is configured to allocate beacon resources such as beacon
slot for transmitting or receiving different types of beacons,
including D2D beacons and access point beacons if the appa-
ratus 600 is an access point or a base station or a master device
of an ad-hoc network.

In one example embodiment, the beacon signal may com-
prise a primary synchronization sequence, a secondary syn-
chronization sequence and a primary broadcast channel
(PBCH). The primary synchronization sequence and the sec-
ondary synchronization sequence together may provide a
unique identification for the transmitting device. The primary
synchronization sequence and the secondary synchronization
sequence may be designated or fixed so neighbor devices can
recognize a D2D beacon efficiently. In one embodiment, the
primary synchronization sequence and the secondary syn-
chronization sequence are similar to long-term evolution
(LTE) synchronization sequences. The primary broadcast
channel of the beacon signal includes at least one of a system
information block, a beacon transmission periodicity, and an
indication on whether a next beacon opportunity is skipped.
The beacon slot is a D2D beacon slot and may share a
resource with one of an access point (AP) beacon and a
wireless local area network beacon. The beacon channel may
be a D2D beacon channel and defines a synchronization
sequence and a periodicity for a beacon transmission.

FIG. 7a illustrates an example method 700a for transmit-
ting OFDM beacons. The method 7004 includes deciding on
abeacon mode at block 702, waking up from a sleep mode at
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6

the beacon opportunity 704, and identifying beacon opportu-
nities at block 706. The method 700a also includes commit-
ting beacon resource at block 708, detecting a beacon channel
at block 710, selecting a beacon channel at block 712, and
transmitting beacon signal in the beacon channel of a beacon
frame in that beacon slot at block 714.

In one example embodiment, deciding on the beacon mode
at block 702 may include determining the status of the trans-
mitting device. For example the transmitting device may be in
a slave or mater status if it operates in an ad hoc network or it
may be in a peer device status if it operates in a D2D network.
The transmitting device may also be in a client device status
if it operates in an access point controlled network configu-
ration. The network specific operation role may require addi-
tional operation for connectivity maintenance, measurements
and data transmission procedures that may be considered
when determining the availability of the device for beacon
transmissions. In one example embodiment, waking up from
a sleep mode at block 704 may include waking up from the
sleep mode either at a fixed interval or triggered by an event.
If the D2D device is not in a sleep state at the beacon oppor-
tunity, this step may be skipped.

In one example embodiment, identifying the beacon
opportunities at block 706 may include one or more of the
following: tracking resource usage and transmission of the
neighbor devices, receiving a notification of the beacon
opportunities from an associated access point or an ad-hoc
master, receiving a signaling message of the beacon slot from
the associated access point or the master device of the ad-hoc
network, and detecting a beacon opportunity from a received
beacon frame.

In one example embodiment, committing beacon resource
at block 708 may depend on the beacon mode of the trans-
mitting device. For example, if the transmitting device is an
access point, a base station or a master device of an ad-hoc
network, committing beacon resource at block 708 may
include allocating beacon slots in a flexible manner rather
than in a fixed frequency location. When the beacon slots are
allocated with the flexible manner, they may be allocated at
any location within a frequency region.

Inone example embodiment, detecting an available beacon
channel at block 710 may include at least one of the follow-
ing: identifying a beacon slot in a beacon opportunity, detect-
ing an available beacon channel in the selected beacon slot,
and detecting the reserved beacon channels in the selected
beacon slot for the D2D beacon transmission. A beacon slot
may hence carry a beacon channel with a synchronization
sequence and an indication of a periodicity for the beacon
transmission.

In one example embodiment, detecting the available bea-
con channel at block 710 may also include first detecting the
reserved beacon channels in a beacon slot. It may be decided
whether a beacon channel is available based on a power
measurement of a potential beacon signal in that channel, a
comparison of the power measurement to a signal power
threshold, or an interference power threshold. Alternatively, it
may be decided whether the beacon channel is available
based on whether there is a correlation between the beacon
channel and a specified beacon sequence and whether the
correlation results in a positive indication of a presence of a
signal. If no beacon signal in the beacon channel is detected,
the beacon channel is assumed to be available within the
signal range at the moment. The detection process of an
available beacon channel may be reinitiated when the UE
moves away from the original location or one or more new
devices initiate beacon transmissions. The term beacon
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sequence and the synchronization sequence are used inter-
changeably throughout this disclosure.

In one example embodiment, selecting the beacon channel
at block 712 may include using a random selection scheme to
wait for a number beacon opportunities and randomly select-
ing a beacon channel, assuming that the neighbor devices
have a same understanding of the total number of available
beacon channels and the beacon slot. In one example embodi-
ment, the total number of the available beacon channels in a
beacon slot may be calculated by dividing a size of the allo-
cated beacon slot by a size of beacon signal, which yields a
number of beacon channels that can be transmitted in a bea-
con frame. Selecting the beacon channel at block 712 may
also include detecting a number of available beacon channels
and selecting randomly an available channel for its beacon
transmission. The random selection of an available channel
avoids the re-use of the same beacon resources in the range of
the signal without signaling between the D2D beacon trans-
mitters, and as a result the signaling between D2D beacon
transmitters is simplified and reduced.

In one example embodiment, selecting the beacon channel
at block 712 may alternatively include selecting a beacon
channel in a coordinated manner without any knowledge of
the available beacon slot. The coordinated beacon channel
selection may be based on criteria such as minimizing the
spectrum for beacon transmission, or minimizing the number
of synchronization sequences in a beacon channel.

In one example embodiment, selecting a beacon channel at
block 712 may be performed in a coordinated manner by
causing each beacon channel to have a designated number of
synchronization sequences in use before a next channel is
used. Because only a small set of synchronization sequences
may be designated for D2D beacons, a neighbor device may
recognize a D2D beacon efficiently. The D2D beacon signals
within a beacon channel may be transmitted using code divi-
sion multiple access whereas the code used by a device may
depend on the used synchronization sequence. Selecting the
beacon channel at block 712 may also include selecting a new
D2D beacon channel that is immediately adjacent to the pre-
vious beacon channel. For example, the previous D2D beacon
slot contains beacon channels 3 through 7, the new D2D
beacon channel 2 or 8 may be selected. In addition, selecting
the beacon channel may also include selecting the new bea-
con channel based on the quality and utilization of the new
beacon channels.

In one example embodiment, selecting the beacon channel
at block 712 may also include selecting a beacon channel in a
hybrid manner, such as selecting a synchronization sequence
of the beacon channel randomly and selecting the beacon
channel itselfin a coordinated manner. Alternatively, the bea-
con channel may be selected randomly and the synchroniza-
tion sequence of the beacon channel is selected in a coordi-
nated manner as described above.

In one example embodiment, selecting the beacon channel
atblock 712 may include selecting the beacon channel among
the available channels in the beacon slot in one of the follow-
ing methods. The methods include selecting an available bea-
con channel with a lowest index of the available beacon
channels, selecting an available beacon channel with a high-
est index of the available beacon channels, and selecting a
beacon channel randomly from among the set of available
beacon channels. In another embodiment, selecting the bea-
con channel at block 712 may include taking into consider-
ation whether the transmitting D2D device has received any
D2D beacon. If the D2D device has not received any D2D
beacon, selecting a beacon channel at block 712 may include
initiating a resource area, such as a beacon slot, for D2D
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beaconing and selecting one or more transmission times for
the D2D beacons. If one or more D2D beacons with different
timings have been received, selecting beacon slot at block 712
may include selecting one or more D2D beacon transmission
times, allowing the transmitting device to participate in none,
some or all beacon opportunities. Alternatively selecting the
beacon slot at block 712 may include triggering a synchroni-
zation procedure that merges separate, non-contiguous trans-
mission resources into one contiguous area. Selecting the
beacon channel at block 712 may also include reselecting a
beacon channel after detecting a collision of the transmis-
sions in the selected beacon slot with one or more neighboring
devices.

In one example embodiment, transmitting beacon frame at
block 714 may include transmitting OFDM beacons with
potentially many other neighbor D2D devices transmitting
beacons at the same time. Transmitting the beacon at block
714 may also include transmitting the D2D beacon frame
with a maximum transmission power allowed by the regula-
tion to achieve a maximum coverage for the transmitted bea-
con frames. Transmitting the beacon frame at block 714 may
also include transmitting D2D beacon frames that have a
constant interval of beacon opportunities between the con-
secutive D2D beacons transmissions. In one example
embodiment, transmitting the beacon frame at block 714 may
also include transmitting an indication with one or more bits
in the D2D beacon to inform neighbor devices about the
constant interval of beacon opportunities between consecu-
tive D2D beacons.

In one example embodiment, transmitting the beacon
frame at block 714 may also include setting a bit in the D2D
beacon to inform neighbor devices whether the transmitting
device intends to skip the D2D beacon transmission at the
next beacon opportunity. Thus a beacon transmission may be
skipped to allow the transmitting device to listen to other
beacon transmissions during its own D2D beacon transmis-
sion time. Transmitting the beacon frame at block 714 may
also include transmitting one or more extra beacon in addition
to the scheduled D2D beacon transmissions. The extra bea-
cons may enable the neighbor D2D devices with the same
D2D beacon transmission periodicity as that of the transmit-
ting device to have a better chance to receive the transmitted
beacons. If the transmitting device detects that multiple
devices are transmitting D2D beacons at the same beacon
channel and with the same synchronization sequence, then
the transmitting device may consider retransmitting extra
D2D beacons.

In one example embodiment, the method 700a may be
implemented in any of the UEs 1014, 1025 and 102¢ of FIG.
1a, in the wireless apparatus 600 of FIG. 6 or in the apparatus
800 of FIG. 8. The method 700a is for illustration only and the
steps of the method 7004 may be combined, divided, or
executed in a different order than illustrated, without depart-
ing from the scope of this example embodiment of the inven-
tion.

FIG. 75 illustrates an example method 7005 for receiving
an OFDM beacon. The method 7005 includes waking up
from a sleep mode at block 742, listening for a number of
beacon opportunities at block 744, receiving at least one
OFDM beacon slot at block 746 and determining presences of
neighbor devices at block 748.

In one example embodiment, waking up from a sleep mode
at block 742 may include waking up from the sleep mode
either at a fixed interval or triggered by an event. If the D2D
device is not in a sleep mode to begin with, this step may be
skipped. In one example embodiment, listening for a number
of beacon opportunities at block 744 may include listening
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for a number of beacon opportunities to decide whether there
is an in-progress beacon transmission by one or more neigh-
bor D2D devices. The number of beacon opportunities the
receiving device listens to may be decided randomly or pre-
determined.

In one example embodiment, receiving at least one beacon
slot at block 746 may include receiving multiple OFDM
beacon signals multiplexed into the OFDM beacon frame.
Receiving the beacon slot at block 746 may include receiving
the OFDM beacon slot at a fixed receiving periodicity or on
demand. Receiving the at the OFDM beacon slot at block 746
may include receiving a next beacon slot within a maximum
beacon interval wherein the maximum beacon interval is
defined by a standard, assigned by an associated access point,
or negotiated on demand between two neighbor devices that
are in a D2D mode of operation. Receiving the at least one
beacon slot at block 746 may also include skipping one or
more beacon opportunities and listening again if a collision is
detected.

In one example embodiment, determining presences of
neighbor devices from the received OFDM beacon at block
748 may include demultiplexing the received OFDM beacon
frame, decoding the beacon channels, detecting the presence
of'a beacon signal in a channel of the received beacon frame
and deciding whether a received beacon signal is from a
known neighbor D2D device or a new one. Detecting pres-
ence of a beacon in the beacon channel may be based on a
power measurement of a potential beacon signal in that chan-
nel, a comparison of the power measurement to a signal
power threshold, or an interference power threshold. Alterna-
tively, detecting the presence of a beacon signal may be based
on whether there is a correlation between the beacon signal
and a specified beacon sequence and whether the correlation
results in a positive indication of a presence of a signal.
Determining presences of neighbor devices at block 748 may
also include updating the status of the neighbor D2D devices
from the received OFDM beacon frames.

In one example embodiment, the method 7005 may be
implemented in any of the UEs 1014, 1025 and 102¢ of FIG.
1a, in the wireless apparatus 600 of FIG. 6 or in the apparatus
800 0fFIG. 8. The method 7004 is for illustration only and the
steps of the method 7005 may be combined, divided, or
executed in a different order than illustrated, without depart-
ing from the scope of the invention of this example embodi-
ment. The method 700a and method 7005 may be imple-
mented at a same device or at different devices independently
of each other.

FIG. 8 is a block diagram illustrating an example wireless
apparatus 800 for implementing the beaconing for D2D com-
munication in accordance with an example embodiment of
the invention. In FIG. 8, the wireless apparatus 800 may
include a processor 815, a memory 814 coupled to the pro-
cessor 815, and a suitable transceiver 813 (having a transmit-
ter (TX) and a receiver (RX)) coupled to the processor 815,
coupled to an antenna unit 818. The memory 814 may store
programs such as a beacon module 812. The wireless appa-
ratus 800 may be at least part of a 4” generation mobile
station, an access point and a LTE compliant base station.

The processor 815 or some other form of generic central
processing unit (CPU) or special-purpose processor such as
digital signal processor (DSP), may operate to control the
various components of the wireless apparatus 800 in accor-
dance with embedded software or firmware stored in memory
814 or stored in memory contained within the processor 815
itself. In addition to the embedded software or firmware, the
processor 815 may execute other applications or application
modules stored in the memory 814 or made available via
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wireless network communications. The application software
may comprise a compiled set of machine-readable instruc-
tions that configures the processor 815 to provide the desired
functionality, or the application software may be high-level
software instructions to be processed by an interpreter or
compiler to indirectly configure the processor 815.

Inan example embodiment, the beacon module 812 may be
configured to identify at least one beacon opportunity at a
wireless network device, select a beacon channel from a
beacon slot that is a flexibly allocated frequency resource, and
transmit at least one beacon signal in the selected beacon
channel multiplexed in a beacon frame during the identified
beacon opportunity. The beacon module 812 may also be
configured to receive at least one beacon frame from at least
one neighbor wireless device during the identified beacon
opportunity and determine a presence of at least one neighbor
device from the at least one received beacon frame.

As shown in FIG. 8, the wireless apparatus 800 may further
include a measurement unit 816, which measures the signal
strength level that is received from another wireless device,
and compare the measurements with a configured threshold.
The measurement unit may be utilized by the wireless appa-
ratus 800 in conjunction with various exemplary embodi-
ments of the invention, as described herein.

In general, the various exemplary embodiments of the
wireless apparatus 800 may include, but are not limited to,
part of a user equipment, or a wireless device such as a
portable computer having wireless communication capabili-
ties, Internet appliances permitting wireless Internet access
and browsing, as well as portable units or terminals that
incorporate combinations of such functions. In one embodi-
ment, the wireless apparatus 800 may be implemented in one
of'the UEs 1024 through 102¢ of FIG. 1a.

Without in any way limiting the scope, interpretation, or
application of the claims appearing below, a technical effect
of'one or more of the example embodiments disclosed herein
is to enable multiple neighbor devices to transmit multiple
D2D beacons inan OFDM beacon frame at proximately same
time. Thus one device may receive multiple D2D beacons at
one time and detect presences of neighbor devices in an
efficient manner.

Embodiments of the present invention may be imple-
mented in software, hardware, application logic or a combi-
nation of software, hardware and application logic. The soft-
ware, application logic and/or hardware may reside on a user
equipment, a base station or an access point. If desired, part of
the software, application logic and/or hardware may reside on
access point, part of the software, application logic and/or
hardware may reside on a network element such as a UE, and
part of the software, application logic and/or hardware may
reside on a peer network element such as a base station or an
access point. In an example embodiment, the application
logic, software or an instruction set is maintained on any one
of'various conventional computer-readable media. In the con-
text of this document, a “computer-readable medium” may be
any media or means that can contain, store, communicate,
propagate or transport the instructions for use by or in con-
nection with an instruction execution system, apparatus, or
device, such as a computer, with one example of a computer
described and depicted in FIG. 5. A computer-readable
medium may comprise a computer-readable storage medium
that may be any media or means that can contain or store the
instructions for use by or in connection with an instruction
execution system, apparatus, or device, such as a computer.

If desired, the different functions discussed herein may be
performed in a different order and/or concurrently with each
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other. Furthermore, if desired, one or more of the above-
described functions may be optional or may be combined.

Although various aspects of the invention are set out in the
independent claims, other aspects of the invention comprise
other combinations of features from the described embodi-
ments and/or the dependent claims with the features of the
independent claims, and not solely the combinations explic-
itly set out in the claims.

It is also noted herein that while the above describes
example embodiments of the invention, these descriptions
should not be viewed in a limiting sense. Rather, there are
several variations and modifications which may be made
without departing from the scope of the present invention as
defined in the appended claims.

What is claimed is:

1. A method, comprising

identifying at least one beacon opportunity at a wireless

network device;

selecting a beacon channel from a beacon slot that is a

flexibly allocated frequency resource, wherein selecting

the beacon channel comprises selecting a beacon chan-

nel randomly from among available beacon channels;

transmitting at least one beacon signal in the selected bea-

con channel multiplexed in an orthogonal frequency-

division multiple access frame during the identified bea-

con opportunity; and

wherein the at least one beacon signal is concentrated in
the beacon slot, and

wherein selecting the beacon channel comprises select-
ing the beacon slot with a synchronization sequence
and an indication of a periodicity for the at least one
beacon signal transmission.

2. The method of claim 1, wherein the at least one beacon
signal is concentrated in a single radio frame and in a single
frequency band in the beacon slot.

3. The method of claim 2, wherein selecting the beacon
channel comprises determining a total number of available
beacon channels with a selected beacon slot wherein the total
number of the available beacon channels in the selected bea-
con slot is calculated by dividing a size of the allocated
beacon slot by a size of a beacon signal, which yields a
number of beacon channels available for transmitting frames.

4. The method of claim 1, wherein selecting the beacon
channel further comprises at least one of

selecting an available beacon channel with a lowest index

among available beacon channels; and

selecting the available beacon with a highest index of the

beacon channels.
5. The method of claim 1, wherein selecting the beacon
channel comprises at least one of
selecting a D2D (device to device) beacon channel that is
immediately adjacent to a previous beacon channel; and

selecting the D2D beacon channel based on one or more of
quality and utilization criteria of the D2D beacon chan-
nel.

6. The method of claim 1, wherein selecting the beacon
channel comprises selecting the beacon channel that meets at
least one of following:

minimizing a spectrum usage for beacon transmission;

minimizing an amount of synchronization sequences in a

channel; and

maximizing a channel quality.

7. The method of claim 1, wherein transmitting the beacon
signal further comprises at least one of:

transmitting an extra D2D beacon signal due to one of a

collision with a neighbor D2D device with a same D2D
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beacon transmission periodicity, an on-demand request
from an application, and a specified traffic condition;

setting a skip bit in the beacon signal to notify neighbor
devices that next one or more beacon opportunities are
skipped for beacon transmission;

skipping one or more beacon opportunities if the skip bit is

set in a preceding beacon signal.
8. A method, comprising
identifying a beacon opportunity at a network device;
selecting a beacon channel from a beacon slot that is a
flexibly allocated frequency resource, wherein selecting
the beacon channel comprises selecting a beacon chan-
nel randomly from among available beacon channels;

receiving at least one orthogonal frequency division mul-
tiple access frame from at least one neighbor wireless
device during the identified beacon opportunity, wherein
a beacon signal is concentrated in the beacon slot; and

determining a presence of at least one neighbor D2D
device from the at least one received orthogonal fre-
quency division multiple access frame, wherein the bea-
con slot selected is with a synchronization sequence and
an indication of a periodicity for the beacon signal.

9. The method of claim 8, wherein receiving the at least one
orthogonal frequency division multiple access frame com-
prises receiving a next orthogonal frequency division mul-
tiple access frame from a selected beacon slot within a maxi-
mum beacon interval wherein the maximum beacon interval
is defined by a standard, assigned by an associated access
point, or negotiated on demand between two neighbor
devices that are in a D2D mode of operation.

10. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program

code are configured to, with the at least one processor,
cause the apparatus to at least:

identify at least one beacon opportunity at a wireless net-

work device;
select a beacon channel from a beacon slot that is flexibly
allocated in a frequency resource, wherein selecting the
beacon channel comprises selecting a beacon channel
randomly from among available beacon channels;

transmit at least one beacon signal in the selected beacon
channel multiplexed in an orthogonal frequency division
multiple access frame during the identified beacon
opportunity; and

wherein the at least one beacon signal is concentrated in the

beacon slot, and

wherein selecting the beacon channel comprises selecting

the beacon slot with a synchronization sequence and an
indication of a periodicity for the at least one beacon
signal transmission.

11. The apparatus of claim 10, wherein the at least one
memory and the computer program code are further config-
ured to, with the at least one processor, cause the apparatus to
receive at least one orthogonal frequency division multiple
access frame from at least one neighbor wireless device; and
to determine a presence of at least one neighbor D2D (device
to device) device from the at least one received orthogonal
frequency division multiple access frame.

12. The apparatus of claim 10, wherein the at least one
memory and the computer program code are further config-
ured to, with the at least one processor, cause the apparatus to
allocate the beacon slot if the apparatus is one of an access
point and a base station.

13. The apparatus of claim 10, wherein the at least one
beacon signal comprises a primary synchronization
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sequence, a secondary synchronization sequence and a pri-
mary broadcast channel, wherein the primary synchroniza-
tion sequence and the secondary synchronization sequence
together provide a unique identification for the apparatus.

14. The apparatus of claim 10, wherein the primary syn-
chronization sequence and the secondary synchronization
sequence are designated so neighbor devices can recognize a
D2D beacon efficiently.

15. The apparatus of claim 10, wherein the primary broad-
cast channel of the beacon signal includes at least one of a
system information block, a beacon transmission periodicity,
and an indication on whether a next beacon opportunity is
skipped.

16. The apparatus of claim 10, wherein the beacon slot is a
D2D beacon slot and shares a resource with one of an access
point beacon and a wireless local area network beacon.

17. The apparatus of claim 10, wherein the beacon channel
is a D2D beacon channel and defines a synchronization
sequence and a periodicity for a beacon transmission.

18. The apparatus of claim 10, wherein the apparatus is
configured to be in one of a transmitting state, a receiving
state and a dozing state.

19. The apparatus of claim 10, wherein the orthogonal
frequency division multiple access frame comprises a plural-
ity of orthogonal frequency division multiple access beacon
channels in a single radio frequency band.

20. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program

code are configured to, with the at least one processor,
cause the apparatus to at least:

identify a beacon opportunity at a network device;

select a beacon channel from a beacon slot that is a flexibly

allocated frequency resource for beaconing purpose,
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wherein selecting the beacon channel comprises select-
ing a beacon channel randomly from among available
beacon channels;

receive at least one orthogonal frequency division multiple

access frame from at least one neighbor wireless device,
wherein a beacon signal is transmitted within the
orthogonal frequency division multiple access frame
and concentrated in the beacon slot; and

determine a presence of at least one neighbor D2D device

from the at least one received orthogonal frequency divi-
sion multiple access frame, wherein the beacon slot
selected is with a synchronization sequence and an indi-
cation of a periodicity for the beacon signal transmis-
sion.

21. A non-transitory computer readable medium storing a
program of instructions, execution of which by a processor
configures an apparatus to at least:

identify at least one beacon opportunity at a wireless net-

work device;

select a beacon channel from a beacon slot that is a flexibly

allocated frequency resource for beaconing, wherein
selecting the beacon channel comprises selecting a bea-
con channel randomly from among available beacon
channels;

transmit at least one beacon signal in the selected beacon

channel multiplexed into an orthogonal frequency divi-

sion multiple access frame during the identified beacon

opportunity; and

wherein the at least one beacon signal is concentrated in
the beacon slot, and

wherein selecting the beacon channel comprises select-
ing the beacon slot with a synchronization sequence
and an indication of a periodicity for the at least one
beacon signal transmission.
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